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[0001] This application claims the benefit of Korean Applications No. 10-2002- 
0058516 filed on September 26, 2002 and No. 10-2003-0001857 filed on January 11, 2003, 
which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to optical recording methods and media, and in 
particular, to a method for managing a defective area on a WORM-type optical recording 
medium, and an optical recording medium using the same. The method is particularly 
adapted for reproducing data recorded on write-once optical discs such as those using the 
recently developed Blu-ray disc format known as BD-WO. 
Discussion of the Related Art 

[0003] Data recording devices and media using optical read/write means have 
generally been categorized according to their writing capability or flexibility. Among read- 
only optical recording media, there are those using CD-ROM and DVD-ROM formats, which 
have no write capability. Among known disc standards that allow multiple write operations 
to be freely performed, there are CD-RW, DVD-RAM, DVD-RW, and DVD+RW types, 
which are rewritable compact discs and digital versatile discs. 

[0004] WORM-type discs, on the other hand, are adopted for use as data storage 
devices requiring large storage capacity. Such discs, however, have limited recording 
flexibility and are for use in write-once read-many applications. These include CD-R and 
DVD-R types, which are recordable compact discs and digital versatile discs. 

[0005] Meanwhile, a new type of high-density DVD, known as a Blu-ray disc, which 
is a large-capacity optical disc for recording high-quality audio and video data using a 
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blue-violet laser, has been developed. The Blu-ray disc adopts a rewritable disc format 
known as BD-RE. 

[0006] In the above types of optical recording media, surface imperfections and 
defects are generated during their manufacture, handling, or use. Accordingly, a method for 
managing the defective areas is used during a data recording operation, so that data 
reproduction can be carried out normally. 

[0007] Referring to FIG. 1, an optical disc recording/reproducing device 100 for use 
with an optical recording medium 102, such as a BD-RE formatted disc, receives a data/ 
command input from a host (or controller) 200. The optical disc recording/reproducing 
device 100 is provided with an optical pickup 104 for writing/reading data to/from an inserted 
optical recording medium, a pickup servo 106 for controlling the optical pickup to achieve 
proper tracking and to maintain a controlled distance with respect to the surface of the optical 
recording medium, a data processor 108 for processing data to and from the optical pickup by 
restoring to a desired signal value a reproduction signal received from the optical pickup or by 
modulating a recording signal received from the host for transfer to the disc, an interface 110 
for transferring data between the host and the recording/reproducing device, a microcomputer 
112 for controlling the recording/reproducing device, and a memory 114 for storing a program 
and for temporarily storing various information including defect management information and 
data. Under the control of the host 200 and stored programming, the optical pickup 104 
reads data stored (or written) on a disc, providing a data signal input to the data processor 108 
for reproduction processing and output, and writes data onto specified areas of the disc using 
a write signal output from the data processor. During a write operation, the optical disc 
recording/reproducing device 100 receives a data stream (or an encoded analog signal) and 
outputs the write signal to the optical pickup 104 in accordance with a command input via the 
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host 200 and the program stored in the memory 114 and executed by the microcomputer 112. 

[0008] Referring to FIG. 2, a BD-RE type disc for use with the device of FIG. 1 is 
divided into assigned areas. The assigned areas essentially comprise a data area set between 
a lead-in area (LIA) and a lead-out area (LOA). The data area includes an inner spare area 
(ISA) adjacent the lead-in area and an outer spare area (OS A) adjacent the lead-out area. 

[0009] As above, the optical disc recording/reproducing device 100 processes input 
data from a host 200 and writes the data onto an optical disc in clusters corresponding to an 
error correction code block unit. If during a write operation the existence of a defective area 
is detected in the data area, the optical disc recording/reproducing device 100 carries out a 
series of replacement write operations to write a data cluster corresponding to the detected 
defective area in one of the two spare areas (shown in the example of FIG. 2 as the ISA). 
Therefore, by writing a data cluster of a defective area in a spare area instead of the defective 
area, the data can be read and reproduced from the spare area, thus preventing the occurrence 
of writing errors even when an optical disc exhibits defects in the data area and thereby 
assuring data security and data integrity. 

[0010] The above method is carried out using an optical recording medium that 
allows free access to the data recording areas, since a rewritable disc is used. Therefore, in 
managing the data of the defective areas, the optical disc recording/reproducing device has 
unlimited use of the recording area. If a WORM-type disc is used, however, the write 
operation is performed only once and must be completed before normal data retrieval 
operations by the user can be carried out. Moreover, write operations □ and, in particular, 
replacement write operations - must be enabled for the management of defects generated after 
recording and detected during the reproduction of a recorded WORM-type disc. 

[0011] For example, another type of Blu-ray disc, using a format known as BD-WO, 
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has been recently developed. The BD-WO type disc, which is a write-once type disc, cannot 
make use of known methods for managing a defective area on the disc, since the 
standardization of this type of disc format has only recently begun. An immediate solution 
is required. 

SUMMARY OF THE INVENTION 
[0012] Accordingly, the present invention is directed to a method for managing a 
defective area on a write-once optical recording medium, such as an optical disc or BD-WO, 
that substantially obviates one or more of the problems due to limitations and disadvantages 
of the related art. 

[0013] An object of the present invention, which has been devised to solve the 
foregoing problem, lies in providing a method for managing a defective area on a write-once 
optical recording medium, by which data written in and read from a defective area of the disc 
is relocated (rewritten), and then managed, through the performance of a replacement write 
operation in which the data is written in an alternative data area (spare area) corresponding to 
the defective area. 

[0014] It is another object of the present invention to provide a method for managing 
a defective area on a write-once optical recording medium, by which normal data 
reproduction can be achieved after a data recording operation is completed, irrespective of the 
existence of one or more defective areas detected during data reproduction (read) operations. 

[0015] It is another object of the present invention to provide data security and data 
integrity in using a write-once optical recording medium, particularly during data 
reproduction operations using a host computer reading from a BD-WO disc and employing a 
linear replacement technique during data recording. 

[0016] It is another object of the present invention to provide a method for managing 
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a defective area on a write-once optical recording medium, by which BD-WO standardization 
is facilitated. 

[0017] It is another object of the present invention to provide an optical recording 
medium suitable for adopting the above method. 

[0018] It is another object of the present invention to provide a system suitable for 
utilizing an optical recording medium adopting the above method. 

[0019] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent to those having ordinary skill in the art 
upon examination of the following or may be learned from a practice of the invention. The 
objectives and other advantages of the invention will be realized and attained by the subject 
matter particularly pointed out in the specification and claims hereof as well as in the 
appended drawings. 

[0020] To achieve these objects and other advantages in accordance with the present 
invention, as embodied and broadly described herein, there is provided a method for 
managing a defective area of a write-once optical recording medium having a data area and a 
lead-in area, comprising steps of firstly writing replacement data in a predetermined area, the 
replacement data corresponding to a defective area detected during a data reproduction 
operation; and secondly writing locator information in the predetermined area, the locator 
information indicating respective positions of the defective area and the corresponding 
replacement data. Preferably, the method further comprises a step of thirdly writing a 
supplementary access pointer in the lead-in area, the access pointer for accessing the locator 
information written in the predetermined area. The predetermined area is a supplementary 
spare area assigned to one end of the data area, where the locator information is written as 
supplementary defect list information. On the other hand, the predetermined area may be 
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located before the data area, i.e., in the lead-in area, so as to include both first and second 
defect lists, i.e., a conventional defect list and a supplementary defect list. In the operation 
of an optical recording medium adopting the method of the present invention, the disc 
definition structure information is first read to search the supplementary defect list by 
referring to the physical sector number of the supplementary defect list, and the 
supplementary defect entries of the supplementary defect list are then accessed and read to 
locate the replacement data. 

[0021] In another aspect of the present invention, there is provided a write-once 
optical recording medium comprising a data area; a lead-in area disposed adjacent the data 
area; a defect management area, located in the lead-in area, for writing disc definition 
structure information including a plurality of write locations for accessing defect list 
information pertaining to a data recording stage; and a supplementary spare area, located at 
one end of the data area, for writing a plurality of replacement clusters pertaining to a data 
reproducing stage. Preferably, the defect list information is written in the data area or in the 
lead-in area, and supplementary defect list information is written in the supplementary spare 
area or in the lead-in area. 

[0022] In another aspect of the present invention, there is provided a system having a 
programmable device for optically recording/reproducing data to/from a write-once optical 
recording medium. The device can be programmed to perform the necessary steps of the 
method of the present invention, including those of recording data and reproducing recorded 
data. 

[0023] Adoption of the method of the present invention for an optical recording 
medium such as a BD-WO disc assures data security and data integrity, particularly during 
data read operations using a host computer employing a linear replacement technique. 
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[0024] It is to be understood that both the foregoing description and the following 
detailed description of the present invention are exemplary and explanatory and are intended 
to provide further explanation of the invention claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this application, 
illustrate embodiment(s) of the invention and together with the description serve to explain 
the principle of the invention. In the drawings: 

[0026] FIG. 1 is a block diagram of an optical disc recording/reproducing system of a 
related art; 

[0027] FIG. 2 is a diagram of a method for managing a defective area on a BD-RE 
disc for use in the system of FIG. 1; 

[0028] FIGS. 3-5 are diagrams respectively illustrating methods for managing a 
defective area on a BD-WO disc at the time of recording data in accordance with the present 
invention; 

[0029] FIG. 6 is a diagram illustrating a method for managing a defective area on a 
BD-WO disc at the time of data reproduction, according to a preferred embodiment of the 
present invention; 

[0030] FIG. 7 is a diagram illustrating a method for managing a defective area on a 
BD-WO disc at the time of data reproduction, according to another preferred embodiment of 
the present invention; and 

[0031] FIG. 8 is a diagram illustrating a method for managing a defective area on a 
BD-WO disc at the time of data reproduction, according to yet another preferred embodiment 
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of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0032] Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 
Throughout the drawings, like elements are indicated using the same or similar reference 
designations. 

[0033] As shown in FIG. 3, a BD-WO disc adopting the method of the present 
invention has a lead-in area (LIA), a data area, and a lead-out area (LOA). At the time of 
recording data using the BD-WO disc of FIG. 3, the optical disc recording/reproducing device 
100 of FIG. 1 writes data in a temporally continuous manner on a predetermined writing 
sector in the user data area (not shown) of the data area. The write operation progresses until 
data recording ends or until the last recording sector has been recorded. Each instance of 
writing will be referred to as a data recording stage. 

[0034] The predetermined writing sector is set as a defect verification unit (DVU) by 
which, during the data recording stage, a defective area is detected using a verify-after-write 
operation performed after each DVU. One DVU may have a recording size equivalent to 
any number of physical tracks or clusters, and for the sake of convenience in describing the 
embodiments of the present invention, this recording size has been arbitrarily set to five 
clusters. Actual DVU size, however, is determined only upon completion of a recording 
operation, such that completion of a recording operation S10 determines the size of a DVU 1. 
A plurality of defect verification units (DVU 1 through DVU n) make up one instance of 
recording or a data recording stage having a temporal continuity, and each of data recording 
stages 1 , 2, and 3 are made up of a number of DVUs dependent on the amount of data being 
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recorded. 

[0035] The verify-after-write operation is performed by the optical disc recording/ 
reproducing device 100, which executes a repetitious series of detecting operations to 
determine the presence of defective areas corresponding to the written data of one DVU. In 
each defective area detecting operation, the data written in the DVU is reproduced to verify its 
recording status; that is, it is determined whether the data was written successfully such that 
normal reproduction is possible. If normal reproduction cannot be verified, it is determined 
that a defect is present. 

[0036] For example, after sequentially and continuously writing data in physical 
clusters 1-5 of the DVU 1 through the recording operation S10, the optical disc recording/ 
reproducing device 100 performs a verify-after-write operation by progressively reproducing 
the data written in the DVU 1 , to verify normal reproduction and thereby detect the presence 
of any defective areas. In progressively reproducing, the optical disc recording/reproducing 
device 100 sequentially reads the data as written, starting again from the first (or next in 
position) cluster and reading continuously until detection of the first (or next) occurrence of 
an unverifiable data cluster through a reproducing operation Sll, indicating the presence of a 
defective area in, say, the physical cluster 2. Then, the optical disc recording/reproducing 
device 100 temporarily stores in its memory 114 the data of the physical cluster 2. The 
temporarily stored (buffered) data is used to carry out a replacement write operation through a 
recording operation S12, whereby replacement data corresponding to the defective cluster is 
written as a replacement cluster 2 in succession to the DVU's last physical cluster, i.e., after 
the physical cluster 5, as part of the DVU 1 . 

[0037] After the completion of a replacement write operation as above, the optical 
disc recording/reproducing device 100 continues reproducing the data of the DVU 1 through a 
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reproducing operation S13, progressing to the next cluster, i.e., to the physical cluster 3. 
When another defective area is detected in, say, the physical cluster 4, the optical disc 
recording/reproducing device 100 carries out another replacement write operation through a 
recording operation SI 4, in which the data of the defective cluster is buffered and then written 
as a replacement cluster 4 in succession to the replacement cluster 2 . 

[0038] A continuation of the verify-afler-write operation for DVU 1 through a 
reproducing operation S15 may find no further defective areas, which completes the data 
recording of DVU 1 for the data recording stage 1 . Thus, the DVU 1 ultimately contains the 
data of the physical clusters 1,3, and 5, two defective areas, and replacement clusters 2 and 4 
corresponding to the defective areas, spanning seven clusters in all. The same process is 
repeated for each DVU until the conclusion of the data recording stage 1 by the execution of 
recording and verify-afler-write operations for the DVU n. In doing so, a physical cluster 6 
is written as the first cluster of the DVU 2. 

[0039] Thereafter, i.e., in succession to a completed verify- after- write operation for 
the DVUn, the optical disc recording/reproducing device 100 writes locator information for 
identifying each defective area and locating the corresponding replacement data. The locator 
information is written as defect list (DFL) information including a plurality of defect entries 
(defect entry 1 through defect entry m) expressed as a pair of physical sector numbers or 
PSNs. Each defect entry is in essence a correlation of a defect PSN and a replacement PSN, 
where a defect PSN is the physical sector number of a defective area and the replacement 
PSN is the physical sector number of the replacement data area. Thus, the DFL 1 
corresponds to the data recording stage 1 and is written in succession to the DVU n of the data 
recording stage 1 . In the event of further data recording stages, the corresponding locator 
information is written in respective DFLs in succession to each DVU n of the latest (most 
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recent) data recording stage. 

[0040] Meanwhile, the optical disc recording/reproducing device 100 writes disc 
definition structure (DDS) information in the LIA. The DDS information includes the 
physical sector number for locating a given defect list, referred to as the PSN of a DFL, which 
is used in accessing the locator information of the defect list. The DDS information includes 
the PSNs of the DFL for each data recording stage, that is, the PSN of the DFL 1 to the PSN 
of a DFL i. Thus, in a read operation to reproduce data recorded on a BD-WO type disc, the 
optical disc recording/reproducing device 100 first refers to the LIA to read the DDS 
information and thereby search the DFL and its defect entries, which enables the replacement 
data corresponding to a defective area to be located, read, and reproduced. 

[0041] FIG. 4 illustrates a diagram showing another method for managing a defective 
area on a BD-WO disc at the time of recording data in accordance with the present invention, 
in which a spare area is additionally provided at one end of the data area. In this case, the 
spare area is assigned as an outer spare area (OSA). For the sake of convenience, the DVU 
recording size is again set to five physical clusters and defective areas are detected in the 
same clusters during a verify-after- write operation using the same reproducing and recording 
operations. That is, after the verify-after-write operation is performed for the physical 
clusters of a DVU 1, in which a defective area is detected in physical clusters 2 and 4, the 
optical disc recording/reproducing device 100 performs respective replacement write 
operations for the data of the defective clusters. In this case, however, the replacement data 
is written in the OSA. 

[0042] The resulting DVU 1, having two defective clusters, contains the normally 
written data of physical clusters 1, 3, and 5, while the OSA contains the replacement data of 
replacement clusters 2 and 4 corresponding to the two defective clusters. A data recording 
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stage 1 continues accordingly for a DVU 2 through a DVU n, and the optical disc recording/ 
reproducing device 100 writes the locator information in succession to the DVU n as a DFL 1. 
The optical disc recording/reproducing device 100 writes DDS information in the LIA, 
including the PSNs of the DFL 1 to a DFL i for accessing every entry of the locator 
information. 

[0043] On the other hand, as shown in FIG. 5, the optical disc recording/reproducing 
device 100 may, during recording, write the DFL information in the OS A of a BD-WO disc, 
instead of in succession to the DVU n of each data recording stage. In doing so, though the 
drawings show the DFL area at one end of the OSA, the DFL information may be 
progressively written starting from either end or may be written centrally together with the 
replacement clusters, using outwardly progressing write operations. In any event, data 
reproduction is nonetheless the same. 

[0044] At the time of data reproduction, the optical disc recording/reproducing device 
100 first reads the DDS information in the LIA to obtain the PSNs for each DFL and then 
searches the corresponding DFL, and with reference to the replacement PSN and defect PSN 
of the defect entries, the replacement data can be normally reproduced from the OSA or from 
any predetermined data write sector. Here, first reading the DDS information will determine 
the write location of the DFL information, whether inside or outside the data area. 

[0045] FIG. 6 is a diagram illustrating a method for managing a defective area on a 
BD-WO disc at the time of data reproduction, according to a preferred embodiment of the 
present invention. In FIG. 6, a supplementary spare area (SSA) is assigned to one end of the 
data area, i.e., next to the LIA or LOA, of a BD-WO adopting the method of the present 
invention. 

[0046] In reproducing recorded data, the optical disc recording/reproducing device 
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100 carries out a series of read operations in which the DFL is searched by reading the DDS 
information written in the LIA, to reproduce the replacement data written in a spare area, or in 
any alternative data area (e.g., the SSA), by referring to the defect entry on the defect list. 
During such a data reproduction operation, additional defective areas may be newly found, 
either in a data recording area or in one or more of the defect lists. 

[0047] In the BD-WO disc shown in FIG. 6, a new defective area is detected during a 
data reproduction operation. A new defective area is one not found in an earlier data 
recording operation. If a new defective area is detected in a physical cluster j+1 while 
reproducing data through a reproducing operation SI 10, a recording operation SI 20 is 
performed to carry out a replacement write operation and thereby record in the supplementary 
spare area the data of the defective cluster. After the replacement write operation, data 
reproduction progresses to a physical cluster j+2 and continues accordingly until completion 
of the recording stage 1 through a reproducing operation SI 30. When a defective area is 
next detected, say, in a DFL 1, the defect list is replaced through a recording operation SI 40 
by recording a replacement DFL 1 in the supplementary spare area in succession to the 
replacement clusters for any newly detected defective clusters. Here, all clusters of a given 
DFL may be wholly replaced or the clusters may be selectively replaced. In any case, during 
data reproduction, the locator information corresponding to all newly detected defective areas 
is stored in the supplementary spare area as a supplementary defect list (SDFL) for defect area 
management during data reproduction. 

[0048] The supplementary DFL includes a plurality of supplementary defect (SDF) 
entries, SDF entry 1 through SDF entry k, and each supplementary defect entry includes a 
defect PSN, a replacement PSN, and status information. The status information is comprised 
of status 1 and status 2 information, with the status 2 information going unused in the present 
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embodiment. The status 1 information indicates the type of relationship existing between a 
defective or potentially defective area and any replacement data corresponding thereto, 
including replacement data recording status, replacement data address assignment, defective 
area confirmation, replacement area availability, and the like. 

[0049] Meanwhile, the optical disc recording/reproducing device 100 may also write 
in the LIA a supplementary access pointer for directly accessing the supplementary DFL. 
The supplementary access pointer is a field of the DDS information, containing a physical 
sector number corresponding to the supplementary DFL. 

[0050] As shown in FIG. 6, the supplementary spare area at a current stage of data 
reproduction, which encountered a new defective area at the cluster j+1 and at least one 
defective cluster in the DFL 1, contains a replacement cluster (j+1) > a replacement DFL 1 , 
and the supplementary DFL. At this stage, the supplementary DFL contains corresponding 
defect entries accordingly, with additional clusters of replacement data being written in the 
supplementary spare area in succession progressively as data reproduction continues. While 
a given DFL corresponds to each instance of data recording, i.e., to respective data recording 
stages, the supplementary DFL corresponds to the reproduction of any portion of the disc. 

[0051] At the time of data reproduction using an optical recording medium such as a 
BD-WO type disc, the disc is placed into a programmable system such as that shown in 
FIG. 1, the optical disc recording/reproducing device 100 first reads the DDS information in 
the LIA, to search the supplementary DFL by referring to the physical sector number of the 
supplementary DFL. The SDF entries of the supplementary DFL are accessed and read, to 
locate the replacement data corresponding to a defective area newly detected during 
reproduction. Here, though the drawings show the supplementary DFL area at one end of 
the supplementary spare area, the supplementary DFL information may be progressively 
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written starting from either end or may be written centrally together with any newly detected 
replacement clusters, using outwardly progressing write operations. 

[0052] While the method according to FIG. 6 is adapted for a BD-WO disc having 
both DFL and SDFL information stored inside the data area, the same scheme for defective 
area management find normal data reproduction is nonetheless adaptable for a BD-WO disc 
utilizing the LIA for DFL storage, i.e., where the DFL and SDFL information are stored 
outside the data area. Accordingly, the replacement data can be normally reproduced from 
the SSA or from any predetermined data write sector, by first reading the DDS information to 
determine the write location of the SDFL information, whether inside or outside the data area. 

[0053] FIG. 7 is a diagram illustrating a method for managing a defective area on a 
BD-WO disc at the time of data reproduction, according to another preferred embodiment of 
the present invention, wherein the DFL and SDFL are stored in a predetermined writing 
sector before the data area, for example, in the LIA. Thus, the DFL and SDFL information 
are stored outside the data area. 

[0054] FIG. 8 is a diagram illustrating a method for managing a defective area on a 
BD-WO disc at the time of data reproduction, according to yet another preferred embodiment 
of the present invention, which correlates to the recording operation shown in FIG. 5, which 
has no supplementary DFL. Here, a new defective area is detected during a data 
reproduction operation, where a cluster j+1 is determined to be defective as in FIGS. 6 and 7, 
but its replacement cluster (j+l) is written in the OSA together with the DFL. Thus, the 
method according to this embodiment enables the use of a more conventional disc structure to 
effect defect management, i.e., without a separately designated area for replacement recording, 
for use during recording and reproduction operations alike. 

[0055] As described above, the method for managing a defective area of a write-once 
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optical recording medium, such as BD-WO type disc, permits the normal reading of data 
written on a defective area of the disc, by writing the data as replacement data on a spare area 
or other data area during a data reproduction operation and then managing the replacement 
data. The method prevents the occurrence of fatal reproduction errors, such as that caused 
by damage to the DFL information, and manages new defective areas that may be detected at 
the time of a data read operation, thereby assuring data security and data integrity. Moreover, 
adoption of the method of the present invention will facilitate BD-WO standardization by 
providing a suitable write-once optical recording medium whereby recorded data can be read 
even if further defective areas are newly detected during a data read operation and whereby 
the newly detected defective areas can be managed. 

[0056] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention cover such modifications and 
variations provided they come within the scope of the appended claims and their equivalents. 



17 



